Moving load response in micropolar thermoelastic medium without energy dissipation possessing cubic symmetry  by Kumar, Rajneesh & Ailawalia, Praveen
International Journal of Solids and Structures 44 (2007) 4068–4078
www.elsevier.com/locate/ijsolstrMoving load response in micropolar thermoelastic
medium without energy dissipation possessing cubic symmetry
Rajneesh Kumar a, Praveen Ailawalia b,*
a Department of Mathematics, Kurukshetra University, Kurukshetra, Haryana 136119, India
b Department of Applied Sciences, RIMT Institute of Engineering and Technology, MandiGobindgarh, Distt. Fatehgarh Sahib, Punjab, India
Received 6 February 2006; received in revised form 3 October 2006
Available online 10 November 2006Abstract
The steady state response of a micropolar thermoelastic medium without energy dissipation possessing cubic symmetry
due to a moving load has been studied. Fourier transform has been employed and the transform has been inverted by using
a numerical inversion technique. The components of displacement, stress, microrotation and temperature distribution in
the physical domain are obtained numerically. The results of normal displacement, normal force stress, tangential couple
stress and temperature distribution have been compared for micropolar cubic crystal and micropolar isotropic solid. The
numerical results are illustrated graphically for a particular material. Some special cases have also been deduced.
 2006 Elsevier Ltd. All rights reserved.
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A wide class of crystals such as W, Si, Cu, Ni, Fe, Au, Al etc., which are some frequent used substances,
belong to cubic materials. The cubic materials have nine planes of symmetry whose normals are on the three
coordinate axes and on the coordinate planes making an angle p/4 with the coordinate axes. With the chosen
coordinate system along the crystalline directions, the mechanical behavior of a micropolar cubic crystal can
be characterized by ﬁve independent elastic constants.
Minagawa et al. (1981) discussed the propagation of plane harmonic waves in a cubic micropolar medium.
Recently Kumar and Rani (2003) studied time harmonic sources in a thermally conducting cubic crystal.
Kumar and Ailawalia (2005a,b) discussed some source problems in micropolar medium with cubic symmetry.
The dynamical response to moving loads is of considerable interest in a variety of technological and geo-
physical circumstances and several recent investigations are concerned with this problem. For instance, it is of
great interest in solid dynamics where ground motions and stresses can be produced by blast waves (surface
pressure waves due to explosions). This type of investigation occurs in many branches of engineering, for0020-7683/$ - see front matter  2006 Elsevier Ltd. All rights reserved.
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ﬂow. Other applications are encountered within the context of contact mechanics like, the problem of high
velocity rocket sleds sliding over steel guide rails. Various authors (1986,1999,2001a,2001b) have discussed
the problems of moving load in the theory of elastic solids. Kumar et al. (1992,2000,2002,2003,2004,2005c)
studied the steady state response to moving loads in micropolar theory of elasticity.
The present investigation is to determine the components of displacement, microrotation, stresses and tem-
perature distribution in micropolar thermoelastic medium without energy dissipation possessing cubic symme-
try due to moving load. The solution is obtained by introducing potential functions after employing integral
transformation technique. The integral transforms are inverted using a numerical method.2. Problem formulation
We consider a normal point load moving along the surface of micropolar thermoelastic medium without
energy dissipation possessing cubic symmetry. We consider a rectangular coordinate system (x,y,z) with y-axis
pointing vertically downward. The pressure pulse P(x + Ut) moves with a constant velocity U in the negative x
direction. After the load has been moving for some time and the transient eﬀects have died away, the displace-
ments will appear stationary in a coordinate system moving with the load.
If we restrict our analysis to plane strain parallel to xy-plane with displacement vector ~u ¼ ðu1; u2; 0Þ and
microrotation vector ~/ ¼ ð0; 0;/3Þ then the ﬁeld equations and constitutive relations for micropolar thermo-
elastic solid without energy dissipation with cubic symmetry in the absence of body forces, body couples and
heat sources can be written by following the equations given by Minagawa et al. (1981), Green and Naghdi
(1993) asA1
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m23 ¼ B3 o/3oy ; ð7Þwhere t22, t21, m23 are the components of normal force stress, tangential force stress and tangential couple
stress, respectively. A1, A2, A3, A4, B3 are characteristic constants of the material such that
A1 = A2 + A3 + A4, m = (A1 + 2A2)aT, aT is coeﬃcient of linear expansion, q is the density and j is the micr-
oinertia, K ¼ CðA2þ2A4Þ
4
is the material constant characteristic of the theory, C* is the speciﬁc heat at constant
strain.
Following Fung (1968), a Galilean transformation is introduced then the boundary conditions would be
independent of t* and assuming the dimensionless variables deﬁned by the expressionsx0 ¼ x
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ð9ÞIntroducing potential functions deﬁned byu1 ¼ oqox þ
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; ð10Þin Eq. (9), where q(x,y, t) and W(x,y, t) are scalar potential functions and applying Fourier transform deﬁned
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ð16ÞEliminating ~T and ~/3 from (12)–(15) we get,d4
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ð19ÞThe roots of Eqs. (17) and (18) are given byq21;2 ¼
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: ð20ÞThe solutions of Eqs. (12)–(15), (17) and (18) satisfying radiation conditions are given by~q ¼ D1 exp q1yð Þ þ D2 exp q2yð Þ; ð21Þ
~W ¼ D3 exp q3yð Þ þ D4 exp q4yð Þ; ð22Þ
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~/3 ¼ a3D3 exp q3yð Þ þ a4D4 exp q4yð Þ; ð24Þwherean ¼ a12  q2n; aH ¼
a15  a14q2H
a16
; n ¼ 1; 2; H ¼ 3; 4: ð25Þ3. Boundary conditions
3.1. Mechanical force on the surface of half-space
For a concentrated line load, we take P(x + Ut) = Fd(x*), where d(x*) is Dirac delta function and F is the
magnitude of force applied. In moving coordinates the boundary conditions at the free surface y = 0 are,t22 ¼ F d xð Þ; t21 ¼ 0; m23 ¼ 0; oToy þ hT ¼ 0; ð26Þwhere h is the heat transfer coeﬃcient and h!1 for isothermal boundary and h! 0 for insulated boundary.
Applying Fourier transform deﬁned by (11) on the boundary conditions (26) and using (5)–(8), (10), and
(21)–(24), we get the expressions for displacement components, microrotation, force stress, couple stress
and temperature distribution for micropolar thermoelastic solid without energy dissipation possessing cubic
symmetry as,~u1 ¼ 1D in D
0
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4072 R. Kumar, P. Ailawalia / International Journal of Solids and Structures 44 (2007) 4068–4078whereD ¼ f1f2  f3f4; f 1 ¼ s1g2  s2g1; f 2 ¼ a3q3r4  a4q4r3;
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ð34Þ3.2. Thermal source
The boundary conditions in this case aret22 ¼ 0; t21 ¼ 0; m23 ¼ 0;
oT
oy ¼ dðxÞ, for temperature gradient boundary orT x; y ¼ 0ð Þ ¼ d xð Þ; for temperature input boundary ð35Þ
Applying Fourier transform deﬁned by (11) on the boundary conditions (35) and using (5)–(8), (10) and
(21)–(24), the expressions for displacement, microrotation, force stress, tangential couple stress and tempera-
ture distribution are given by Eqs. (27)–(33) with D0t replaced by in D
00
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ð36Þ4. Particular cases
Case 4.1: Neglecting micropolarity eﬀect (i.e B3 = j = 0) we obtain the corresponding expressions for dis-
placements, stresses and temperature distribution as,~u1 ¼ 1D in D
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by Eqs. (37)–(41) with D0N replaced by D
00
N ðN ¼ 1; 2; 3Þ in Eq. (42) whereD001 ¼ H r2s3  r3s2
 
; D002 ¼ H r1s3  r3s1
 
; D003 ¼ H r1 s2  r2s1ð Þ: ð43Þ
Case 4.2: Neglecting thermal eﬀect, the expressions for displacements, microrotation and stresses are
obtained as,~u1 ¼ 1D inD

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:
ð50ÞSub case 1: Taking h! 0 in Eqs. (27)–(32), (33), (37)–(41), we obtain the corresponding expressions for
displacements, microrotation, stresses and temperature distribution for insulated boundary. In this case,
H ¼ lT 0 in Eqs. (36) and (43), respectively, for mechanical force and thermal source.
Sub case 2: If h!1 in Eqs. (27)–(32), (33), (37)–(41), then the expressions for displacements, microrota-
tion, stresses and temperature distribution are obtained for isothermal boundary. In this case, H ¼ 1T 0 in Eqs.
(36) and (43), respectively, for mechanical force and thermal source.
Case 4.3: Thermoelastic micropolar solid
Subcase4.3a:Taking A1 ¼ kþ 2lþ K; A2 ¼ k; A3 ¼ lþ K; A4 ¼ l; B3 ¼ c; ð51Þ
in Eqs. (27)–(33), (37)–(41), and (44)–(49), we obtain the corresponding expressions in isotropic micropolar
thermoelastic medium without energy dissipation , isotropic thermoelastic medium without energy dissipation
and isotropic micropolar medium.
Subcase 4.3b:Using (51) in Eqs. (27)–(33) with Dt replaced by D
0
tðt ¼ 1; 2; 3; 4Þ from Eq. (36), we obtain the
corresponding expressions for thermal source.
5. Numerical results and discussions
For numerical computations, we take the following values of relevant parameters for micropolar cubic crys-
tal as,A3 ¼ 5:6 1011 dyne=cm2; A2 ¼ 11:7 1011 dyne=cm2; A4 ¼ 4:3 1011 dyne=cm2;
B3 ¼ 0:98 104 dynes:For the comparison with micropolar isotropic solid, following Eringen (1984) and Dhaliwal and Singh (1980),
we take the following values of relevant parameters for the case of Magnesium crystal like material as,
4074 R. Kumar, P. Ailawalia / International Journal of Solids and Structures 44 (2007) 4068–4078q ¼ 1:74 gm=cm3; k ¼ 9:4 1011 dyne=cm2; l ¼ 4:0 1011 dyne=cm2; K ¼ 1:0 1011 dyne=cm2;
c ¼ 0:779 104 dyne; j ¼ 0:2 1015 cm2:
C ¼ 0:104 107 cal=gm C; m ¼ 0:0268 109 dyne=cm2 C; T 0 ¼ 23 C; K ¼ 1:7 J=s cm2 C:The values of normal displacement u2, normal force stress t22 tangential couple stress m23 and temperature
distribution T for a micropolar thermoelastic solid with cubic symmetry (MTECC) and micropolar thermo-
elastic isotropic solid (MTEIS) have been studied for insulated boundary. The variations of these components
with distance x have been shown by (a) solid line (——–) for MTECC and dashed line (- - - - - - - -) for MTEIS
for U < c1, (b) solid line with centered symbol (*—*—*) for MTECC and dashed line with centered symbol
(*- - -*- - -*) for MITES for U = c1, respectively, (c) solid line with centered symbol (Æ—Æ—Æ) for MTECC and
dashed line with centered symbol (Æ- - -Æ- - -Æ) for MITES for U > c1, respectively. These variations are shown in
Figs. 1–8. The comparison between micropolar thermoelastic cubic crystal and micropolar thermoelastic iso-
tropic solid is shown. The computations are carried out for y = 1.0, F = 1.0 and l = 1.0 · 1015 cm in the range
0 6 x 6 10.0.6. Discussions for various cases
6.1. Mechanical force
The values of normal displacement decreases as the magnitude of moving load velocity increases. Hence the
values of normal displacement for U = c1 and U > c1 lie in a very short range as compared to the values for
U < c1. Also the values for both MTECC and MTEIS for a particular value of moving load velocity are of
comparable magnitude. These variations of normal displacement are shown in Fig. 1.
It is observed from Fig. 2 that the values of normal force stress, very close to the point of application of
source, increases with increase in magnitude of moving load velocity. Also these values are very close to each
other for any value of moving load velocity in the range 2.0 6 x 6 10.0. The values of normal force stress for
any particular value of load velocity are almost identical for MTECC and MTEIS.
Contrary to the variations of normal displacement and normal force stress, the variation of tangential cou-
ple stress is oscillatory in nature to a large extent. The values for MTEIS (and for U < c1) lie in a short range in
comparison to other values of moving load velocity. In the initial range i.e 0 6 x 6 1.0, the variations for
U = c1 and U > c1 are opposite in nature (for both MTECC and MTEIS). These variations of tangential cou-
ple stress are shown in Fig. 3.
The variation of temperature distribution is opposite in nature to the variation obtained for normal force
stress. So, very close to the point of application of source, the values of temperature distribution decrease with<
<
>
>
=
=
u
Fig. 1. Variation of normal displacement u2 with distance x for mechanical force.
<
<
=
>
>
=
Fig. 2. Variation of normal force stress t22 with distance x for mechanical force.
<
<
=
>
>
=
m
Fig. 3. Variations of tangential couple stress m23 with distance x for mechanical force.
<
<
=
>
>
=
Fig. 4. Variations of temperature distribution T with distance x for mechanical force.
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Fig. 5. Variations of normal displacement u2 with distance x for thermal source.
<
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=
=
Fig. 6. Variations of normal force stress t22 with distance x for thermal source.
<
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>
>
=
m
Fig. 7. Variations of tangential couple stress m23 with distance x for thermal source.
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Fig. 8. Variations of temperature distribution T with distance x for thermal source.
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ical force are shown in Fig. 4.
6.2. Thermal source
On application of thermal source on the surface of half-space, the values of normal displacement increase
sharply with increase in horizontal distance x. However this increase is sharper for U < c1 and the degree of
sharpness decrease with increase in magnitude of moving load velocity. These variations of normal displace-
ment are shown in Fig. 5.
In contrast to the discussions given above for normal displacement, the values of normal force stress
decrease sharply with increase in horizontal distance. But similar to the variations for normal displacement,
the degree of sharpness decrease with increase in magnitude of moving load velocity. These variations of nor-
mal force stress for diﬀerent load velocities are shown in Fig. 6.
It is shown in Fig. 7 that the values of tangential couple stress for U < c1 (and both MTECC and MTEIS)
lie in a very short range. The variation for other load velocities i. e for U = c1 and U > c1 being oscillatory in
nature are comparable in magnitude and the magnitude of these oscillations decrease with increase in horizon-
tal distance x.
The variation of temperature distribution is opposite in nature to the variation of normal force stress. The
values increase with increase in horizontal distance but the magnitude of this increase in values decreases with
increase in magnitude of load velocity. These variations of temperature distribution are shown in Fig. 8.
7. Conclusion
The magnitude of moving load velocity on the surface of the solid plays an important role in the study of
deformation of body. On application of mechanical force, the values of all the quantities for both MTECC
and MTEIS are very close to each other for any value of load velocity moving on the surface of solid. When
thermal source is applied on the half-space, the values of normal displacement increase sharply whereas the
values of normal force stress decrease sharply with increase in horizontal distance. This degree of sharpness
however decrease with increase in magnitude of load velocity. Irrespective of the nature of load velocity
applied on the surface (mechanical or thermal) the variation of normal force stress and temperature distribu-
tion are opposite in nature.
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